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Introduction 

The limb girdles and abdominal ribs of various species of Leiopelma 
have been described or figured by McCulloch (1919), Noble (1931) 
and de Vos (1938 A and B) but a complete description of the skeleton 
of this important and primitive frog has not previously been published. 
In the following account, which is based primarily on a study of 
Leiopelma hochstetteri Fitzinger, the skeleton as a whole is described 
and reference is made to variations encountered when dealing with 
several rather than single specimens. The vertebral column and the 
carpus and tarsus of Leiopelma are here described for the first time. 
As far as possible comparison has been made with Ascaphus truei, the 
only other member of the Leiopelmatidae (Liopelmidae, Noble, 1924) 

Techniques Used in Skeletal Study 

(a) Alizarin transparencies of whole animals. 

(b) Differential staining of cartilage and bone by the method of 
Williams (1940). 

(c) X-ray photographs. 

(d) Dried and disarticulated bones, especially vertebrae. 

(e) Serial sections through various regibns. 

Where microscopical study was considered necessary, contour re¬ 
constructions were made using the method described by Pusey (1939). 
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Department of Zoology, University College, London, for a photograph 
of the vertebral column. 

The Vertebrae Column (Plates 130 and 131) 

Leiopelma shares with Aseaphus the distinction of having nine 
presacral vertebrae, one more than any other Anuran. The vertebrae 
of these two genera are also unique among frogs and toads through 
the fact that each is amphicoelous, the centrum being biconcave and 
-tile intervertebral cartilage undivided. As McBride (1931) has pointed 
out in connection with the nrodeles Amphiuma and Menobranchus, 
f _the term “amphicoelous” used for these amphibians is not strictly 
the same as in the herring, where the notochord is expanded between 
successive vertebrae. Tn Amphibia having biconcave centra, eartilagi- 
Tioiis intervertebral pads are present uniting successive vertebrae, 
while the original notochord running through the intervertebral region 
becomes crushed and virtually obliterated. 

Neural spines are not sharply defined on any of the vertebrae. The 
two facets on the “atlas” for ihe articulations of the occipital condyles 
are oval and relatively shallow (Plate 131, fig 1). Ventrally, a process 
of which the most anterior portion remains cartilaginous, projects 
forward between the occipital condyles, the space between its tapering 
extremity and the condyles being filled with fibrous connective tissue 
(Text-fig. 1A). This anterior process does not appear to be identical 
with the odontoid process of urodeles. 

atlas vertebra of Leiopelma has no transverse processes. 
Noble’s drawing of the atlas of Aseaphus (Noble, 1931, p. 488) shows 
- a small but unmistakable pair of forwardly directed diapophyses. 
T have examined X-ray photographs of a male and female Aseaphus, 
however, and found no trace of these structures. Furthermore, it 
should be noted that the fossil form Protobatrachus (Piveteau, 1937) 
lacks transverse processes on the first vertebra. 

T,lp tr d uisversp processes of the vertebra next behind the atlas, the 
tirst ot the thoraeo-lumbar series, are usually fairly short and are 
directed slightly forward The third and fourth vertebrae (second 
and third m trunk region) invariably bear ribs which have constant 
and characteristic shapes (Plate 130, fig. 1). The possession of ribs 
m certain members of the Anura is undoubtedly a primitive feature, 
although the ribs themselves may show certain specialisations. Only 
Ascaphns and the Discoglossidae bear ribs in the adult. 
Members of the Pipidae possess them in larval stages, but in adult 
I’fe the ribs become indistinguishably fused with the diapophyses 
(Noble, 1931). Mookerjee (1936) has found ribs in the embryos of 
Paua temporaria and Bufo melanostictus. Tn Leiopelma each rib is 
approximately the same length as the diapophysis with which it 
- articulates, is somewhat flattened distally, and is narrowest at the 
-middle of its length. Distally each rib divides to form a process which 
is characteristic for the vertebra to which the rib belongs. The rib 
attached to the third vertebra has a narrow, sharp, posteriorly directed 
uncinate process, while that of the fourth vertebra usually ends in 
two more or less equal flattened expansions. Both of these ribs and 
their processes agree quite closely with those of Aseaphus (Noble, 1931) 



Text-fig. 1 —Contour Reconstructions of Anterior Vertebral Region of 
L. hQchstetteri , appioximately one year old. 

A. Cranio-occipital joint, anterior view. The most anterior section passes 
through the occipital condyles. 

B. Cranio-occipital joint, posterioi view. The most posterior section passes 
through the atlas vertebra. 

C. Pait of atlas vertebra and the most antei ioi region of the second vertebra, 
anterior view. 

az2, anterior zgyapophysls of second vertebra; d2, diapophysis of second 
vertebra; fct, fibrous connective tissue; ivc, intervertebral cartilage; n, noto¬ 
chord ; narl, neural arch of first vertebra; occ, occipital condyle; odp, anterior 
process; pzl, posterioi zygapophysls of first vertebra; spl. first spinal nerve; 
sp2d, dorsal root of second spinal nerve; sp2v, ventral root of second spinal 
nerve; ur, urostyle; vl, atlas vertebra; Ix+X, combined ninth and tenth 
cranial nerves 
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except that the more posterior rib of Leiopelma is developed equally 
as well if not better than that of the third vertebra. 

Piveteau’s interesting comparison (op. cit.) between the anterior 
vertebrae of Protobatrachus and Ascaphus can equally well include 
those of Leiopelma. In all three genera the rib belonging to the third 
vertebra articulates by a single head with the corresponding transverse 
process, so that in all three cases specialisation has occurred in com¬ 
parison with the double-headed ribs of Amphibia such as Miobatrachns 
(Watson, 1939). The rib bears an uncinate process of uniform type. 
Piveteau pointed out that the enlarged size of this rib in Protobatrachus 
was repeated in Ascaphus and that in Rana also the transverse diapo¬ 
physis of the third vertebra was greater than the rest. He regarded 
the phenomenon as being correlated with the presence of lymph hearts 
immediately behind the third vertebra. In view of Piveteau’s explana¬ 
tion it is interesting to find that in Leiopelma no distinction occurs 
between the relative development of the diapophyses and ribs of the 
third vertebra and those of the fourth. In Leiopelma also it is by 
no means rare to find a third rib or pair of ribs attached to the fifth 
vertebra (Plate 130, fig. 1). When these occur, they bear no processes 
and are approximately the same diameter as the corresponding trans¬ 
verse processes. 

The transverse processes of the third, fourth, fifth and sixth verte¬ 
brae point either straight out or slightly backwards (Plates 130 and 
131). Those of the seventh and eighth turn slightly forward, while 
those of the ninth usually have a markedly forward position (Plate 
130, fig. 1; Plate 131, fig. 7). The post-zygapophyses of the ninth 
vertebra are usually enlarged compared with those of the rest of the 
series (Plate 130. fig. 1), overlapping the sacral vertebra dorsally. 

The sacral “ vertebra ”, the tenth of the series, is extremely peculiar, 
if not unique, consisting as it does of two separate bony halves joined 


-fnar 


Text-fig. 2— Modified Contoui Reconstruction of Anterior Region of Urostyle, 
the Sacral Vertebra and part of the ninth Vertebra, posterior view. 

The most anterior section passes through the urostyle. Cartilage is indicated 

by dotted lines. 

azlO, anterior zygapophysis of tenth vertebra; fnar, fused neural arches; 
il, ilium; ivc, intervertebral cartilage; pz9, posterior zygapophysis of ninth 
vertebra; sdlO, sacral diapophysis of tenth vertebra; spll—13, eleventh tQ 
thirteenth spinal nerves; ur, urostyle 
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dorsally and ventrally by cartilage (Plate 130, fig. 1; Plate 131, figs. 7 
and 9; Text-fig. 2). It is narrow antero-posteriorly compared with the 
other vertebrae. Essentially each bony half consists of a curved portion 
of the neural arch (representing the basidorsal), a prezygapophysis, 
and a sacral diapophysis attached to the middle of the basidorsal. 
The diapophysis, though much larger than those of the other vertebrae, 
is relatively unspecialised. It has a gradual and slight expansion dis- 
tally and lies on top of the ilium, being bound to the latter by liga¬ 
mentous tissue. Dorsally the two bony halves are united by a narrow 
strip of persistent cartilage forming the top of the neural arch, while 
ventrally they are joined by the continuous cartilage stretching between 
the centrum of the ninth vertebra and the urostyle. This cartilage 
may become calcified in late life, but in doing so always remains quite 
separate from the bony halves of the neural arch (Plate 130, fig. 1). 
In young frogs (i.e. during the first few months after hatching) 
cartilage occurs dorsally between the bony halves of the neural arch 
in all vertebrae, but this later ossifies in all except the sacral vertebra. 

In Ascaphus (Noble, 1931), the sacral vertebra agrees with that of 
Leiopelma in the shape of the transverse processes, but is relatively 
wider from front to back and is figured as being entirely bony across 
the ventral surface. The dorsal surface is not shown. Here, again, 
further investigation would be useful to find if this is always the 
case. Evidence from X-rays gives no indication that the structure of 
the sacrum of Ascaphus agrees with that of Leiopelma, but the sacral 
vertebra is narrower than those preceding it. 

In sections of frogs eight months to one year old, bone formation 
is already well advanced. As far as can be seen, the formation of 
“membrane bone arches 55 (Mookerjee) from connective tissue on either 
side of the basidorsals, and subsequent fusion of the original neural 
arch with these slightly increases the width of the arch. Ossification 
of the centra begins with the formation of perichondral layers of bone 
in the inner notochordal sheath. The intervening spaces above and 
below the notochord are then subject to enchondral ossification. 

In development, the urostyle is quite clearly formed of a single 
hypochordal cartilage as Mookerjee (1930, 1931) has shown. To the 
anterior and dorsal portion of this cartilage are fused the postsacral 
vertebrae formed in development. Of these, usually not more than 
three occur. As a rule the neural arches of these vertebrae are fused 
together and enclose the end of the spinal canal (Plate 131, fig. 8). 
Almost invariably one finds a pair of small but unmistakable trans- 
A r erse processes on the first (and best developed) postsacral vertebra. 
A common condition of the anterior part of the urostyle is illustrated 
in Text-figure ,2. The very small, posterior neural arch is open 
above, hoxising the extreme posterior part of the spinal canal. The 
latter is entered in front of the arch by the coccygeal nerve. The 
more anterior two arches are fused together dorsally, but allow the 
passage between them of the twelfth pair of spinal nerves. The most 
anterior arch bears small transverse processes and both the fused 
arches are joined medially to those of the opposite side by cartilage. 
The eleventh pair of nerves enter the spinal canal between the urostjde 
fin cl the saeral arcli. 
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Variations and Abnormalities 

It is quite usual to find fusions of various kinds between successive 
vertebrae, the most usual places being: between the fifth and sixth and 
between the atlas and the vertebra next behind it. One interesting 
abnormality that does occasionally occur is the presence of the sacral 
diapophyses on the ninth vertebra, leaving a postsacral vertebra quite 
free from the urostyle (Plate 131, fig. 6). The ninth vertebra in these 
unusual cases is found to be formed of two halves joined by cartilage 
dorsally and ventrally, but to have both pre- and postzygapophyses. 
The postsacral vertebra is fairly small and has backwardly directed 
transverse processes, but otherwise is quite normal. The vertebral 
column in front of the ninth vertebra is clearly normal. This for¬ 
ward displacement of the sacrum is by no means uncommon among 
Amphibia. Zaharesco (1935) has made statistical analyses of this 
condition (and also that of spinal nerve variation) in Rana and 
concludes that even in that genus one still finds an evolutionary trend 
towards the shortening of the presacral region of the vertebral column. 

Spinal Nerves (Plate 130, fig. 2; Text-figs. 1 and 2) 

Normally, thirteen pairs of spinal nerves are present, all except 
the first having dorsal and ventral roots. A generalised diagram of 
their arrangement is given in Plate 130, fig. 2, but it must be empha¬ 
sised that the brachial and sciatic plexuses are subject to a considerable 
degree of variation.'The first spinal nerve, the N. suboccipitalis, has 
a ventral root only and passes out from the spinal canal in front of 
the neural arch of the atlas (Text-fig. 1 A and C), but not down be¬ 
tween the occipital condyle and the atlas facet as figured by Mookerjee 
(1930, 1931) for Triton and Bufo. The presence of the N. suboccipi¬ 
talis and its functional persistence throughout adult life must be 
regarded as an extremely primitive character. In Anurans it is usually 
transient, Bufo being an exception; in Urodeles it may persist for a 
time, but it is most unlikely that it ever, becomes functional (Francis, 
1934). In Leiopelma , it is always present in the adult, and becomes 
united with the N. hypoglossus at the point where the latter sends a 
branch nerve to the M. opereularis. It is clear that fibres from the 
N. suboccipitalis must pass to this muscle; in a few cases they can 
be seen to do so before its main trunk joins the N. hypoglossus. The 
position in early stages is clearer and the N. suboccipitalis can then 
be seen to send a separate branch to the muscle. 

Large ganglia, corresponding to each nerve except the first, are 
developed outside the spinal canal. The tenth nerve in the series 
emerges between the ninth vertebra and the neural arch of the sacral 
vertebra, the eleventh behind the sacral arch. The twelfth nerve 
passes between the arches of the first and second fused vertebrae on the 
urostyle, the thirteenth (to which the N. coccygealis of Rana corres¬ 
ponds) between the second and third postsacral arches. The dorsal and 
ventral roots of this last slender nerve fuse within the spinal canal, 
so that it emerges as a single trunk. 

The Pectoral Girdle (Text-fig. 3) 

The pectoral girdle of Leiopelma has been described and graphically 
reconstructed by de Vos (1938 A). The reconstruction made, however, 
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is not entirely typical, and it has been thought advisable to make 
a further description and illustration of the girdle. 



Text-fig. 3 —Pectoral Girdle, ventral view. 

The giidle has been flattened so that all parts are seen in the same plane. 
The functionally dorsal surface of the suprascapula has now become ventral. 
The procoracoid is shown as if it were largely of bone, but actually it remains 
cartilaginous until fairly late maturity 

cl, clavicle; old, dorsal margin of clavicle; clt, cleithrum ; cor, coracoid; 
cpg, cartilago paraglenoidalis; epc. epicoracoid; fpc, fenestra between pro¬ 
coracoid and coracoid ; fgl, glenoid foramen ; lyg, “lymph gland” ; proc, pro¬ 
coracoid , sc, scapula, ssc. suprascapula ; st, sternum 

The pectoral girdle is arciferous, but the method of overlapping 
(left over right or vice versa) is variable. At their extreme anterior, 
the two epicoracoids join to form a single piece of cartilage which is 
embedded in a characteristic bilobed mass of lymphoidal tissue called 
by Noble -(1931) the “lymph gland”. Immediately surrounding the 
cartilage is a layer of dense fibrous connective tissue. Slightly further 
back the epicoracoids begin to separate, but for a short distance are 
joined ventrally by a narrow' procartilaginous bridge. When overlap¬ 
ping begins, the latter gives way to fairly sparse fibrous tissue just 
sufficient to hold the two halves together. 

The lateral extremity of the well-ossified coracoid on each side 
forms the postero-median boundary of the glenoid cavity. A strip of 
cartilage, the cartilago paraglenoidalis, separates the coracoid from 
the scapula. The latter, which encloses between its antero-median and 
postero-median divisions a glenoid foramen, reaches the clavicle antero- 
mediallv. Medially, also, it is adjacent to the procoracoid cartilage. 
The latter is very late in ossifying and in the few cases where ossifica¬ 
tion is at all definite it is restricted to the lateral region of the cartilage. 
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Laterally, it is united with the scapula, but the line of fusion between 
the two bones is generally visible. The procoracoid retains a double 
head of cartilage abutting on the glenoid cavity. The medial boundary 
of the procoracoid ossification is inclined to be irregular. 

The clavicle has two divisions, each in the form of a flattened, 
bony strip. The ventral division is wider than the dorsal. The two 
parts are united anteriorly to form a groove into which the anterior 
rim of the procoracoid cartilage fits. De Vos states that the clavicle 
fuses laterally with the scapula, but I have not been able to confirm 
this. 

The suprascapula usually becomes calcified, but a strip of uncalei- 
fied cartilage is left between the suprascapula and the bony scapula. 
Like the clavicle, the cleithrum is formed of two fused strips, and again 
the functionally dorsal division is the narrower. The suprascapula 
fits into the groove between the two strips of bone. 

The sternum has two posterior styles as in Bombina (de Villiers, 
1922). These may become fairly heavily calcified (Text-figure 4A), 
but always retain an unealcified medial connection between each other. 
As de Vos has shown, the medial, anteriorly projecting piece of carti¬ 
lage really consists of dorsal and ventral elements, the former lying 
embedded in the M. sternohyoideus, while the latter lies below the two 
epicoracoids at their posterior border. 


A 


The Abdominal Ribs (Text-fig. 4) 

-B CL 



Text-fig 4 —Sketches, showing Vanation in Abdominal Ribs and Epipubis 
Calcified cartilage and bone are shaded black, 
epu, epipubis; st, sternum 


The so-called 4 ‘abdominal ribs” of Leiopelma were first described 
and illustrated by Noble (1931). He referred to them as “large 
cartilages of much the same form as the abdominal ribs of the lizards, 
appearing in the myosepta of the M. rectus abdominis of Leiopelma.” 
He was of the opinion that they have no ontogenetic or phylogenetic 
relationship to the true ribs and are dermal elements similar to the 
interclavicle in origin. In their adult condition they appeared to him 
to be remnants of the abdominal basket of Branchiosaurs and he 
realised that they are better developed in Leiopelma than in any 
urodele in which they occur. 

De Vos (1938 B) investigated and reconstructed the abdominal 
ribs of an adult Leiopelma by means of mici’oscopical sections. As a 
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result of a detailed study of the question she concluded that the 
inscriptional ribs represented not dermal elements, but cartilage bones 
similar to the ventral portions of true ribs in lizards. They thus cannot 
be included with the “ossa investitientia 99 (Gaupp) as can the sternal 
bones of primitive vertebrates (e.g. the abdominal ribs of Sphenodon, 
Crocodiha, Archaeopteryx, many fossil reptiles and certain Stego- 
eephalia), “which do not pass through a cartilaginous stage, but ossify 
directly in the connective tissue of the cutis”. Certainly, the inscrip¬ 
tional ribs of Leiopelma do have their earliest origins as strips of 
cartilage, and remain cartilaginous until fairly late maturity. They 
form a continuous series with the cartilaginous styles of the sternum. 
Some variations in the cartilages are shown in Text-fig. 4; e.g they 
may not reach each other, or they may overlap or fuse in the middle 
line. One mature L. hochstetteri prepared by means of the alizarin 
and toluidin blue method of Williams (1940) showed distinct alizarin 
staining in the cartilages (Text-figure 4 A). Obviously, then, the 
inscriptional ribs must become calcified or ossified in later life. 


The Pelvic Girdle (Text-figure 5) 

The most interesting feature of the pelvic girdle of Leiopelma is 
the presence of a cartilaginous, shield-shaped epipubis. A similar 
structure is possessed by Ascaphus (Noble, 1922, 1931; de Villiers, 

1934), but the latter genus differs from 
Leiopelma by having also two posterior, 
subpelvic, skeletal rods which de Villiers 
has named the Nobelian bones and which 
are associated with the phallic 
, j organ. Xenopus is the only 
[ I other Anuran genus apart 
from Leiopelma and Ascaphus 
to have an epipubis. 

Although the epipubis of Leiopelma 
may, as de Villiers suggested, be a de¬ 
rivative of the linea alba which secon¬ 
darily unites with the pubis, it has 
achieved complete continuity with the 
anterior ventral surface of the latter by 
the fourth week after hatching. It re¬ 
mains cartilaginous until maturity, but 
there is considerable evidence to show 
that in older specimens of Leiopelma 
hochstetteri at least it ultimately ossifies 
more or less completely. An epipubis in 
which two centres of ossification are 
present is shown in Text-figure 4 C, while 
Text-figure 4 A illustrates an epipubis 
which is almost completely ossified except 
for a posterior strip of cartilage. Frogs 
may be found in which the abdominal 
ribs are entirely cartilaginous, but the 
epipubis is mainly of bone. Like the 
abdominal ribs, the epipubis is partly 



Text-fig. 5 —Pelvic girdle, 
from the left side, 
epu. epipubis is. isclihun 

11, ilium pu. pubis 





610 


Transactions 


embedded in the M. rectus abdominis, but this muscle does not cover 
the cartilage ventrally. The pubis remains cartilaginous throughout 
life. 

Carpus and Manus (Text-fig. 6) 

In addition to the usual Anuran phalangeal formula of 2,2,3,3, a 
small phalangeal element can be found distal to the metacarpal of the 
prepollex. The free adult carpal elements number eight, but the number 
and position of fusions taking place during development is not eom- 



Text-fig. 6—Forelimb and Cai pus of L. hochstetteri 
It, humerus ; i -f u, intermedium -f- centrale , m, mediaha ; 
mpp, metacarpal of prepollex ; ru, radio-ulna 


pletely known. The naming of the adult carpal elements in Text-fig. 6 
is therefore incomplete and provisional. 

Leiopelma agrees in number of carpal elements and the possession 
of a phalangeal remnant on the prepollex with Bombina bombina 
(Ridewood and Howes, 1888). Ascaphus, according to Gregory, Miner 
and Noble (1923) has seven free carpal elements. X-ray photographs 
of Ascaphus, however, seem to indicate the possession of eight free 
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PLATE 130 



Fig. 1—Photograph of disarticulated adult vertebral column, ventral view. 
Fig. 2—Generalised diagram of the spinal nerves and vertebrae. 

nbr, N. brachialis; nsc, X. ischiadicus (sciatic nerve) ; spl, N. spinalis 1 
(N. suboccipitalis) ; sp2. X. spinalis 2 (N. hypoglossus) ; sp3, N. spinalis 
13 (N. coceygeus). 
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Plate 131 


Trans. Royal Society of N.Z., Vol. 79 



Fig. 1 — Atlas vertebra, anterior view. Fig. 2 — Atlas vertebra, posterior 
view. Fig. 3 —Two trunk vertebrae, lateral view. Fig. 4 —Fifth and 
sixth presacral vertebrae, dorsal view. Fig. 5 — Fifth presaeral vertebra, 
anterior view. Fig. fi —Abnormal sacrum, dorsal view. The sacral diapo¬ 
physes are attached to the ninth vertebra and the small tenth vertebra is 
postsacral. Fig. 7 —Normal sacrum, ventral view. Fig. 8 —Anterior 
of urostyle, lateral view. Fig. 9 —Left half of sacral vertebra, anterior 
view. The magnifications vary. ' . ; 

az5, prezygapophysis of fifth vertebra; c, cartilage; fna, fused neural 
arches; f 13, foramen for 13th spinal nerve; ivc, intervertebral cartilage; 
pz, postzvgapophysis; pz6, postzygapophysis of sixth vertebra; sd„ sacral 
diapophysis; v9, ninth presacral vertebra. 
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bony elements and it is pos¬ 
sible that the carpus of this 
genus would repay further 
investigation. No indica¬ 
tion of a phalanx on the 
prepollex has yet been 
found in AscapJius . If As- 
caphus really has eight free 
carpal elements, it joins 
Leiopelma and Bombina in 
the possession of a more 
primitive carpal pattern 
than is presented by any 
other Anuran. 

Tarsus and Pes 
(Text-fig. 7) 

The phalangeal formula 
is 2,2,3,4,3, and the pre¬ 
hallux is represented by a 
small, usually cartilaginous 
metatarsal. As in Bombina 
bombina , five free tarsal 
elements occur in addition 
to the tibiale and fibulare. 

I can find no record of a 
description of the tarsus of 
Ascaphics. An X-ray photo¬ 
graph shows at least four 
and probably five separate Text-fig. 7 — Tai&us and Pes of L. hochstetteri 

i t ti, tibiale (astragalus) fi, fibulare (calcaneum) 

DOneS. mtph, metatarsal of prehallux 

Summary op tiie Skeletal Characters of Leiopelma 

*1. All vertebrae are amphicoelous. 

*2. Nine presacral vertebrae occur. 

3. The neural spines are not sharply defined. 
t*4. The “atlas” vertebra lacks transverse processes. 

*5. Ribs are present in association with the third and fourth verte¬ 
brae and occasionally also with the fifth. Characteristic pro¬ 
cesses are developed on the ribs. 

*6. The sacral diapophyses are simple and relatively unexpanded. 

7 The sacral vertebra is typically narrower than the others and 
is formed of two separate bony halves joined dorsally and ven- 
trally by cartilage. 

8. During development the urostyle is formed of a single hypo- 
chordal cartilage to which up to three postsacral vertebrae 
become fused. 

9. Fusions between successive vertebrae are not uncommon, especi¬ 
ally between the first and second, and the fifth and sixth. 

JO. The sacrum may occasionally be forwardly displaced to the ninth 
vertebra, thus producing a small postsacral vertebra, distinct 
from the urostyle. 



U 
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11. Thirteen pairs of spinal nerves are usually present. 

12. The first spinal nerve is the N. suboecipitalis, which has a ventral 
root only. Some fibres from this nerve pass to the M. opercularis. 

*13. The pectoral girdle is arciferous, but the epicoraeoids are united 
at their anterior tips. 

14. Overlapping of the epicoraeoids may be left over right or vice 
versa. 

*15. The procoracoid may show partial ossification. 

*16. A cartilago paraglenoidalis separates the coracoid from the 
scapula. 

*17. A cleithrum is present. 

18. The sternum has two posterior styles. 

19. Abdominal ribs, which originate as cartilaginous strips, are 
present in the M. rectus abdominis and form a continuous series 
with the styles of the sternum. 

*20. A cartilaginous, shield-shaped epipubis is present. It may ossify 
in late maturity. 

21. Nobelian bones are absent. 

22. The pubis remains cartilaginous throughout life. 

23. A small phalangeal element lies distal to the metacarpal of the 
prepollex. 

f*24. The free adult carpal elements number eight. 

25. The prehallux is represented by a small metatarsal. 

f*26. Five free adult tarsal elements occur in addition to the tibiale 
and fibulare. 

* Characteis in which Ascaphus is known to agice with Leiopelma. 
f Characters in which Ascaphus may be consicleied to agree with Leiopelma, 
although the evidence is not conclusive. 


Skeletal Characters in which Ascaphus is Known to Differ 

from Leiopelma 

1. The structure of the sacral vertebra. (But this point possibly needs 
further investigation in Ascaphus.) 

2. The shape of the sternum. In Ascaphus it is narrow antero- 
posteriorly and wide laterally and has no long styles. 

3. The absence of abdominal ribs in Ascaphus. 

4. The presence of Nobelian bones in the male Ascaphus. 

General Summary 

The vertebral column, appendicular skeleton and spinal nerves of 
Leiopelma hochstetteri Fitzinger are described. Where possible, com¬ 
parison is made with Ascaphus truei and with members of the Disco- 
glossidae. 

Leiopelma shows many skeletal features which may be regarded 
as primitive. These include the possession of nine presacral amphi- 
eoelous vertebrae; at least two pairs of true ribs; simple and only 
slightly expanded sacral diapophyses; up to three postsacral vertebrae 
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fused to tlie hypochordal element of the urostyle; thirteen pairs of 
spinal nerves, of which the most anterior nerve is the N. suboccipitalis; 
an arciferous pectoral girdle; a cleithrum; abdominal ribs; an epi- 
pubis; a persistently cartilaginous pubis; a phalanx on the metacarpal 
of the prepollex; eight free adult carpal elements and five free adult 
tarsal elements. 
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